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Synthesis of glycosides involving regio and stereo selectivity is an important and 
difficult area in synthetic organic chemistry, which is of prime concern to researchers 
working in this area. Glycosides are used as surfactants (Busch et al. 1994), colorants 
and flavoring agents (Sakata et al. 1998), sweeteners (Shibata et al. 1991), antioxidants, 
anti-inflammatory (Gomes et al. 2002), antibiotics (Ikeda and Umezawa 1999; Kren and 
Martinkova 2001), antifungal (Tapavicza et al. 2000), antimicrobial (Zhou 2000) and 
cardiac related drugs (Ooi et al. 1985). Alkyl and phenolic glycosides are even useful as 
detergents, cosmetics and food additives. For the past decade or two a variety of 
glycosidases or transglycosidases have been employed for the glycosylation of mono and 
disaccharides with a variety of acceptor molecules (Katusumi et al. 2004; Vic and Crout 
1995; Sato et al. 2003). However, reports involving amyloglucosidase for the synthesis 
of alkyl/phenolic glycosides are practically nil. Amyloglucosidase from Rhizopus sp. and 
β-glucosidase isolated from sweet almonds were found to catalyze the synthesis of alkyl, 
guaiacol, eugenol, curcumin and α-tocopherol glycosides and the results from this 
investigation is presented in this work in detail.  
Chapter ONE deals with literature reports on enzymatic transformations, 
glycosidases and their sources, structural features of glucoamylase and β-glucosidase, 
glycosylation and their methods, glycosylation mechanism and applications of various 
enzymatically synthesized glycosides. A detailed report on investigations on some 
important factors that influence the glycosidase catalyzed reactions in organic solvents 
like nature of substrate, nature of solvent, thermal stability, role of water, kinetic studies 
of glycosidase catalyzed reactions and immobilization are presented. Besides, the 
advantages of carrying out glycosylation using reverse micelles, super critical carbon di-
oxide, microwave assisted glycosylation reactions and response surface methodology 
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(RSM) in glycosylation have been discussed. This chapter ends with a brief scope of the 
present investigation. 
Chapter TWO describes materials and methods involved in the present work. 
Enzyme and chemicals employed and their sources are shown. Glycosylation procedure 
by shake flask and reflux methods and the related analytical and assay procedures are 
described in detail.   
Chapter THREE describes synthesis of n-alkyl glucosides of alcohols of carbon 
chain length C1-C18 using amyloglucosidase by both shake flask and reflux methods 
besides investigating the synthesis of n-octyl-D-glucoside 13a-c in detail. Effects of 
incubation period, pH, buffer concentration and enzyme concentration were studied by 
both shake flask and reflux methods in the synthesis of n-octyl-D-glucoside. The highest 
conversion yield of 28% (w/w D-glucose) by shake flask method and 46% (w/w D-
glucose) by reflux method were obtained. Optimum reaction conditions for the shake 
flask experiments were found to be D-glucose and n-octanol in 1: 50 equivalent ratio, 
30% (w/w D-glucose) amyloglucosidase concentration and 0.8 mM (0.4 mL of 10 mM 
buffer), pH 6.0 phosphate buffer for an incubation period of 72 h. For the reflux method 
D-glucose and n-octanol in 1: 50 equivalent ratio, 30% (w/w D-glucose) 
amyloglucosidase concentration and 0.04 mM (0.4 mL of 10 mM buffer in 100 mL 
solvent), pH 6.0 phosphate buffer for an incubation period of 72 h was found to be the 
optimum. The specific alcohols, employed for the preparation of n-alkyl glucosides are: 
methyl alcohol, ethyl alcohol, n-propyl alcohol, n-butyl alcohol, n-amyl alcohol, n-hexyl 
alcohol, n-heptyl alcohol, n-octyl alcohol, n-nonyl alcohol, n-decyl alcohol, lauryl 
alcohol, cetyl alcohol and stearyl alcohol. The reaction mixtures were analyzed by 
HPLC. Glucoside yields obtained from the reflux method (5-44%) were better than those 
from the shake flask method (3-28%). While the shake flask method favored 
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glucosylation of medium chain length alcohols, the reflux method at pH 5.0, favored 
glucosylation of all the chain lengths.  
n-Octanol 1, glycosylation with carbohydrates (D-glucose 2, D-galactose 3, D-
mannose 4, D-fructose 5, D-arabinose 6, D-ribose 7, maltose 8, sucrose 9, lactose 10, D-
mannitol 11 and D-sorbitol 12) using amyloglucosidase was attempted. Only n-octyl 
maltoside 14 (conversion yield 15%) and n-octyl sucrose 16a and b (conversion yield 
13%) were the glycosides formed besides n-octyl-D-glucoside 13a-c. However, HPLC 
indicated glycosylation of D-galactose 3, D-mannose 4 and D-mannitol 11 with 
conversion yields less than 5%. n-Octyl-β-D-glucoside 14 synthesized by the reflux 
method using β-glucosidase isolated from sweet almonds showed an extent of 
glycosylation of 23%. Spectral characterization of the isolated glycosides by UV, IR, 2D 
NMR, optical rotation and MS studies confirmed that mono glycosylated and/or mono 
C6-O-alkylated products were formed.  
Amyloglucosidase catalyzed synthesis of n-octyl-D-glucoside 13a-c by shake 
flask level was optimized using RSM. A Central Composite Rotatable Design (CCRD) 
involving 32 experiments of five variables at five levels was employed to study the 
glucosylation reaction. The variables employed were n-octanol (15-75 molar equivalents 
to D-glucose), enzyme (20 –100 mg, 20 to 100% w/w D-glucose), pH (4.0-8.0), 0.3-4.3 
mM (0.2-1.0 mL) of 10 mM buffer and temperature (30-70 °C). Amyloglucosidase 
concentration, pH and temperature were found to be significant. Experimental data fitted 
the second-order polynomial equation well, as indicated by R2 value of 0.89. Validation 
experiments carried out under predicted conditions showed good correspondence 
between experimental and predicted yields. Various surface plots were generated to 
describe the relationship between operating variables and the conversion yields. The 
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highest yield of 53.5% predicted at optimum conditions of 75 equivalents n-octanol, 20 
mg (20% w/w D-glucose) amyloglucosidase, 0.3 mM (0.2 mL), pH 7.8 buffer at 50 °C 
showed good correspondence to the experimental yield of 53.8% under these conditions. 
Chapter FOUR describes amyloglucosidase catalyzed synthesis of phenolic 
glycosides: guaiacyl-α-D-glucoside 21a and b, eugenyl maltoside 27a-c, curcuminyl-bis-
α-D-glucoside 30a and b and α-tocopheryl-α-D-glucoside 36 by reflux method in di-
isopropyl ether solvent at 68 °C. The parameters optimized were incubation period, 
enzyme concentration, pH and buffer concentration and substrate concentration. 
Maximum conversion yields obtained were guaiacyl-α-D-glucoside 52% for 21a and b, 
39% for eugenyl maltoside 27a-c, 48% for curcuminyl-bis-α-D-glucoside 30a and b and 
52% for α-tocopheryl-α-D-glucoside 36. Optimum conditions for guaiacyl-α-D-
glucoside 21a and b synthesis were: D-glucose 2 and guaiacol 17 in 1: 50 equivalent 
ratio, 50% (w/w D-glucose) amyloglucosidase, 0.06 mM (0.6 mL in 100 mL solvent) pH 
7.0 phosphate buffer and 72 h incubation period. Those for eugenyl maltoside 27a-c 
were 1: 10 equivalent ratio of maltose 8 and eugenol 18, 40% (w/w maltose) 
amyloglucosidase, 0.1 mM (1.0 mL), pH 5.0 acetate buffer and 72 h incubation period. 
For curcuminyl-bis-α-D-glucoside 30a and b the conditions were: curcumin 19 and D-
glucose 2 in 2:1 molar ratio, 50% (w/w D-glucose) amyloglucosidase, 0.1 mM (1.0 mL), 
pH 4.0 acetate buffer and 72 h incubation period. For α-tocopheryl-α-D-glucoside 36 
optimized conditions were D-glucose 2 and α-tocopherol 20 in 1:1 molar ratio, 40% 
(w/w D-glucose) amyloglucosidase, 0.2 mM (2.0 mL) pH 7.0 phosphate buffer and 72 h 
incubation period.  
Under the optimized conditions, glycosides of guaiacol 17, eugenol 18, curcumin 
19 and α-tocopherol 20 synthesis with various carbohydrates 2-12 were attempted. The 
conversion yields in the range 17-52% for guaiacyl glycosides, 7-32% for eugenyl 
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glycosides, 9-48% for curcuminyl glycosides and 52% for α-tocopheryl glucoside were 
obtained. Guaiacol 17 reacted with D-glucose 2 and D-galactose 3, eugenol 18 and 
curcumin 19 reacted with D-glucose 2, D-mannose 4, maltose 8, sucrose 9 and D-
mannitol 11 and α-tocopherol 20 reacted only with D-glucose 2. The glucosylation yields 
obtained using β-glucosidase from sweet almonds were 22% for guaiacyl-β-D-glucoside 
22, 19% for eugenyl-β-D-glucoside 25, 11% for curcuminyl-β-D-glucoside 31 and 24% 
for α-tocopheryl-β-D-glucoside 37. Of the 33 glycosides synthesized, the following 
glycosides are reported for the first time from this work: n-octyl-sucrose 16a and b, 
guaiacyl-α-D-glucoside 21a and b, guaiacyl-β-D-glucoside 22, guaiacyl-α-D-galactoside 
23a and b, eugenyl-α-D-mannoside 26, eugenyl maltoside 27a-c, eugenyl sucrose 28a-c, 
eugenyl-D-mannitol 29, curcuminyl-bis-α-D-mannoside 32, curcuminyl bis maltoside 
33a-c, curcuminyl bis sucrose 34a-c and curcuminyl-bis-D-mannitol 35. Both 2D-
HSQCT and MS studies confirmed formation of the mono glycosylated and/or mono C6-
O-arylated products for guaiacol 17, eugenol 18 and α-tocopherol 20 and bis 
glycosylated and/or bis C6-O-arylated products in case of curcumin 19. No other 
secondary hydroxyl groups of the carbohydrates were found to undergo arylation.  
Curcuminyl-bis-α-D-glucoside 30a and b exhibited water solubility at 14 g/L and 
a total colour of 10.8 in DMSO. Antioxidant activities of guaiacol 17 and curcumin 19 
and their glucosides, guaiacyl-α-D-glucoside 21a and b and curcuminyl-bis-α-D-
glucoside 30a and b showed 62% activity for guaiacyl-α-D-glucoside 21a and b (89% 
for free guaiacol) and 80% activity for curcuminyl-bis-α-D-glucoside 30a and b (79% 
for free curcumin).  
Response surface methodology (RSM) was employed to optimize 
amyloglucosidase-catalyzed synthesis of curcuminyl-bis-α-D-glucoside 30a and b by 
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reflux method. A CCRD was employed involving five variables (enzyme concentration, 
curcumin concentration, incubation period, buffer concentration and pH) at five levels. A 
second-order polynomial equation with a R2 value 0.9 showed good correspondence 
between experimental and predicted yields. Three-dimensional surface and contour plots 
generated described the catalytic efficiency of amyloglucosidase under the reaction 
conditions employed. Experiments under optimum predicted conditions of 16.9% (w/w 
D-glucose) amyloglucosidase, 0.33 mmol curcumin, 120 h incubation period, 0.1 mM 
(1.0 mL of 0.01 M buffer in 100 mL reaction mixture) buffer concentration at pH 7.5 
gave a conversion yield of 56%. Validation experiments carried out under selected 
random conditions also showed good correspondence between experimental and 
predicted yields. 
Kinetic studies of the glucosylation reaction catalyzed by amyloglucosidase from 
Rhizopus sp. leading to the synthesis of curcuminyl-bis-α-D-glucoside 30a and b from D-
glucose 2 and curcumin 19 was investigated in detail. Initial reaction rates (v) were 
determined from kinetic runs involving different concentrations of D-glucose and 
curcumin (0.005 to 0.1 M). Graphical double reciprocal plots showed that the kinetics of 
the amyloglucosidase catalyzed reaction followed Ping-Pong Bi-Bi mechanism where 
competitive substrate inhibition by curcumin led to dead end amyloglucosidase-curcumin 
complex at higher concentrations of curcumin. An attempt to obtain the best fit of this 
kinetic model through computer simulation yielded in good approximation, the values of 
four important kinetic parameters, kcat = 6.07±0.58 10
-5 Mh-1.mg, Ki = 3.0±0.28 mM, Km 
D-glucose = 10.0±0.9 mM and Km curcumin  = 4.6±0.5 mM. 
Chapter FIVE describes the Angiotensin Converting Enzyme (ACE) inhibition 
activity of the synthesized glycosides. Out of all the synthesized glycosides n-octyl-D-
glucoside 13a-c, n-octyl maltoside 15, n-octyl sucrose16a and b, guaiacyl-α-D-glucoside 
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21a and b, guaiacyl-α-D-galactoside 23a and b, eugenyl-α-D-glucoside 24a and b, 
eugenyl-α-D-mannoside 26, eugenyl maltoside 27a-c, eugenyl sucrose 28a-c, eugenyl-D-
mannitol 29, curcuminyl-bis-α-D-glucoside 30a and b, curcuminyl-bis-α-D-mannoside 
32, curcuminyl bis maltoside 33a-c, curcuminyl bis sucrose 34a-c, curcuminyl-bis-D-
mannitol 35 and tocopheryl-α-D-glucoside 36 were found to be ACE inhibitors. ACE 
inhibition activity (IC50 values) in the range 0.5±0.04 to 5.3±0.51 were obtained for the 
glycosides tested. Of these eugenyl-α-D-glucoside 24a and b exhibited the best ACE 
inhibition activity (IC50 value 0.5±0.04 mM). 
Thus the present investigation has brought out clearly the glycosylation 
potentialities of amyloglucosidase from Rhizopus sp. and β-glucosidase from sweet 
almonds of n-alkanols and phenols like guaiacol, eugenol, curcumin and α-tocopherol, 
explored with diverse carbohydrate molecules. 
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